A molecular model of the complete three-dimensional structure of the Klenow fragment of Escherichia coli DNA polymerase I: binding of the dNTP substrate and template-primer.
A complete three-dimensional structure of the Klenow fragment of Escherichia coli DNA polymerase I (pol I) has been proposed on the basis of molecular modeling and molecular mechanics studies using available C alpha coordinates. The structure seems quite reliable because the overall surface of electrostatic potentials calculated for the molecularly modeled enzyme closely resembles that reported for the X-ray structure. The modeled structure is then used in developing a ternary complex of dTTP and (dA)25-(dT)14 poised in its active site. The orientation of both substrates in the ternary complex was primarily guided by the amino acid residues which had been known to interact with dNTP and DNA substrates from earlier studies. The proposed model (a) explains the geometrical and physicochemical relationship of the two substrates with the various critical amino acid residues involved in the binding process and (b) suggests possible roles for additional residues in the binding and/or polymerization reaction. Furthermore, the ternary complex appears to satisfy many biochemical and genetic data concerning catalytic requirements known to exist for the polymerization reaction.